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Abstract 
ANTHONY J. PORTER 
Under thi supervision of Professor Glenn E. Robinson 
By employing a running program versus leg weight exercises, an 
analysis of the significance of the two training methods and their 
effect on the throwing endurance of the pitcher and on the velocity 
of the pitched ball was conducted in an attempt to assist in deter­
mining future coaching practices. 
The test measuring the velocity of the pitched ball and the 
test measuring leg strength were administered prior to and after 
the six-week training program. The data collected and recorded were 
statistically treated to determine the effects of the two types of 
training upon the throwing endurance of the pitcher and on the 
velocity of the pitched ball. 
The analysis of variance statistical procedure was employed 
to determine if a significant difference existed among the three 
groups investigated. The mean gain or loss difference between the 
initial and final test within the experimental groups and within the 
control group was treated statistically with the t ratio. 
The indications were as follows: there was no significant 
difference among groups for velocity of the pitched ball over a total 
of nine experimental innings. The running group did show a 
significant increase at the .05 level for lndividual s within the 
group in velocity of the pitched ball over a total of nine exper­
imental innings. There was no significant increase among groups 
in velocity of the· pitched ball for the first two experimental 
innings or for the final two experimental innings. There was no 
significant increase among the individuals in the experimental 
groups in the velocity of the pitched ball for the first two exper­
imental innings and for the final two experimental innings. Leg 
strength did not significantly increase among the experimental 
groups. Leg strength did improve significantly at the .05 level 
in the weight training group and at the .01 level in the control 
group. 
ACKNOIJLEDGEMENTS 
The writer wishes to express his most sincere appreciation to 
his advisor, Glenn. E. Robinson, and Ervin Huether for their valuable 
guidance, supervision, and assistance in the completion of this 
thesis. 
The writer also expresses his gratitude to those sub�ects who 
volunteered their time and effort .. in making this study possible, and 
to his wife for her patience, understanding, and encouragement 
throughout the study. 
AJP 
TABLE CF CONTENTS 
CHAPTER 
I. INTRODUCTION • 
II. 
III. 
IV. 
Statement of the Problem . 
Importance of the Study e 
Limitations 
Definitions of Terms Us�d 
Hypotheses 
REVIEW OF RELATED LITERATURE 
PROCEDURES FOR OBTAINING DATA 
Measurements e 
Leg Strength Test • 
The Velocity of the Pitched Ball 
Weight Training Group (Group A) 
Running Routine Group (Group B) 
Control Group (Group C) 
The Post-Test 
ANALYS IS AND DISCUSS ION OF RESULTS 
Scoring of Data . 
Analysis of Data 
Discussion of Results o 
Hypotheses 
. 
PAGE 
1 
1 
2 
2 
2 
4 
5 
21 
23 
23 
24 
25 
27 
27 
28 
31 
31 
31 
37 
38 
CHAPTER 
v. SUMMARY AND CONCLUSIONS 
Data 
Findings . 
Conclusions • 
Recommendations for Further Study 
BIBLIOGRAPHY • 
APPENDIX A: Mean Scores for Velocity of the Pitched 
Ball (Seconds) From Test I to Test II 
APPENDIX B: Raw Sco�es and Means for Leg Strength 
From Test I to Test II • 
PAGE 
39 
39 
40 
41 
42 
44 
47 
53 
Lis1· OF FIGURES 
FIGURE PAGE 
1. Light Source and Photoelectric Cell Arrangement 
for Computing Ball Velocity . 
2. Microphone and Electric Timer Used for Computing 
Ball Velocity. Target and Point of Impact 
Components 
29 
30 
TABLE 
I 
L IST OF TABLES 
The Change Within Groups of Average Velocity of the 
Pitched Ball from Test I to Test II . 
II  The Difference Among Groups in Average Velocity of  the 
Pitched Ball From Test I (Nine Experimental Innings) 
to Test II (Nine Experimental Innings) e 
III Within Group Changes in Average Velocity From the 
First Two Experimental Innings to the Last Two 
Experimental Innings e o o • • 
IV Changes Shown by the Group in Average Velocity of 
V 
.VI 
the Pitched Ball From the First Two Experimental 
Innings to the Last Two Experimental Innings . 
Within Group Changes in Leg Strength From Test I 
to Test II  
Changes Among Group in Leg Strength From 
Test I to Test II o 
PAGE 
33 
34 
35 
36 
36 
37 
CHAPTER I 
INTRODUCTION 
Baseball has become a highly specialized and scientific game 
because of better coaching, coaching techniques, and extensive 
research. Many coaches have felt that running, especiall y for 
pitchers, develops not only muscular endurance, but also the leg 
strength needed to push off the rubber, iesulting in greater velocity 
of the pitch. The writer questioned this theory of running for con­
ditioning. It was felt that other methods of training, such as leg 
weight exercises and explosive type running, along with daily throw­
ing, could increase the endurance of the pitcher and the speed of his 
pitch. By employing a running program versus leg weight exercises, 
an analysis of the significance of the two select training methods 
and their effect on the throwing endurance of the pitcher and on the 
velocity of the pitched ball was conducted in an attempt to assist 
in determining future coaching practices. 
Statement of the Problem 
The purpose of this study is to determine the effect of 
selected weight training exercises, as compared to a select running 
routine, upon the velocity of a thrown bal l .  
During a total of nine experimental innings, the vel ocity of 
the pitches thrown in the first two experimental innings will be 
compared to the velocity of the pitches thrown in the last two 
experimental innings . 
2 
Importance of the Study 
The writer felt that if a significant increase in the velocity 
of a pitched ball� after a total of one hundred eight pitches, re­
sulted due to the leg weight training program, many of the traditional 
methods of training pitchers (such as the running ro�tine) could be 
reevaluated. Instead of spending valuable practice time running, 
the pitchers could be employing a leg weight training program, which 
might possibly be of greater value to their over-all endurance and 
performance in the latter innings of a game. 
Limitations 
1 .  Subjects were selected from the men's basic instruction 
physical education classes at South Dakota State University. 
2. Subjects were not members of a varsity squad in any sport. 
3. The subjects must have had previous competitive pitching 
experience. 
4. The three-quarter overhand pitching form was used and 
maintained throughout the study. 
5.  Only fastball pitches were tested for velocity. 
Definitions of Terms Used 
Daily throwing. for the first two weeks of the study, 125 
pitches were thrown, with the final twenty-five pitches being thrown 
with maximum velocity. The third week of the study, 125 pitches were 
thrown, with the last fifty pitches being thrown with maximum 
velocity. The fourth week of the study, 125 pitches were thrown, 
�ith seventy-five pitches being thrown with ma>:· 
fifth week of the study, 1 25 pitches were thrr .. i:, 
pitches being thrown for maximum velocity. fjr�J. 
of the study, 125 pitches were thrown, with l;� r 
with maximum velocity. 
Experimental qame. Nine experimental 1.nrih." 
of 108 pitches were thrown. 
Experimental inning. An experimental inr: · ,. 
twelve maximum velocity pitches thrown by a subjec·,. 
: , c -i I y. The 
r,f.� hundred 
� \ '. i x th week 
tje ing thrown 
v : ich a total 
•.isted of 
Fast ball. A ball thrown with maximal ve:>.1 i .- ; . ·: with out any 
attempt by the subject to alter the straight f 1 j 1:::,r, the ball. 
Three-quarter overhand throw. Part of tr(l · .. , c., · '.and delivery 
in which the arm is brought over the shoulder, hc1. , . between the 
direct overhand and sidearm deliveries. 
Velocity of the pitched ball. The t-imP , .. , · · •:- :;Hched ball 
when released, as it passes through a photoel�c:: 
termination point. 
Weight training exercises. As empJ r. 
weight training exercises were designed i1 
gastrocnemius, soleus, and associated muse;� 
:0 am, to the 
study, the 
'he quadriceps, 
3 
4 
Hypotheses 
There is no significant difference among the three experimental 
groups in the average velocity of the pitches thrown in the first two 
innings of a total of nine innings. 
There is no significant difference among the three groups in 
the average velocity of the pitches thrown in the last two innings of 
a total of nine innings. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
There have been studies completed in baseball which involve 
the effects of weight training on the velocity and the accuracy of 
throwing. Reported in this chapter are studies related to the use 
of weighted baseballs, weight training programs, weight training 
and speed of muscular contraction, weight training and running, and 
testing equipment used in various other studies for measuring ball 
velocity. 
Brose and Hansen studied twenty-one male freshman baseball 
players at the University of Maryland who were r�ndomly placed in 
three groups of equal size. Two groups supplemented a baseball 
throwing program with specific overload training. One group threw 
weighted baseballs, while the other used a pulley device to resist 
the mechanics of throwing. Training was carried out for a six-week 
period. Both groups had significant increases within groups in 
throwing velocity as a result of training, but no significant change 
in accuracy. However, no significant difference was indicated between 
training groups and a control group. 
The writers concluded that a supplemental training program 
that employed the throwing of weighted baseballs or the use of wall 
pulley resistance to the mechanics of throwing did not significantly 
alter throwing velocity or accuracy. I 
Straub studied the effect of overload training procedures 
upon velocity and accuracy of the overarm throw. There were two 
aspects with which Straub was concerned. The first �as to determine 
the eff�ct of warm-up throwing drill s upon subsequent speed and 
accuracy of the overarm throw on �ubjects with widely differing 
maximum velocities. Secondly, Straub sought to determine the effect 
of a six-week overload training program upon the speed and accuracy 
6 
of the overarm throw. Results of this study showed that overload warm­
ups had little or no immediate effect upon the throwing velocities of 
high velocity throwers. All groups showed a mean loss in concentric 
circle throwing accuracy following overload warm-ups. High velocity 
throwers were significantly faster than low velocity throwers, but 
they were not significantly more accurate. The accuracy of high and 
low velocity throwers was adversely affected during the first ten 
throws immediately following overload warm-ups. High velocity 
throwers were more sensitive to overload warm-ups than were low 
velocity throwers • . The performance of high velocity throwers was 
more varied immediately following the overload treatment. 2 
loonald E. Brose and Dale L. Hanson, "Effects of Overload 
Training on Velocity and Accuracy of Throwing, " Research Quarterly, 
XXXVIII (December, 1967) , p. 528. 
2will iam F. Straub, "Effect of Overload Training Procedures 
Upon Velocity and Accuracy of the Overarm Throw," Research Quarterly 
XXXIX (May, 1968) , p. 370. 
Houtz indicated from a survey of studies, that exercise will 
increase strength, and that strength increases more rapidly when 
training with an overload.3 
Van Huss, et�-, working with eighteen-and nineteen-year-old 
participants, studied the immediate effect of overload warm-ups upon 
throwing speed and accuracy. After collecting the data and subjecting 
it to statistical procedures, Van Huss found that there was a pro­
gressive increase in velocity up to the sixth throw. Velocity per­
formance then leveled off. All subjects, however, did not respond 
similarly or at the same rate. Some performed much better, others 
less well, although the majority improved. Accuracy showed a steady 
increase after an initial impairment following the overload treat­
ment.4 
On the basis of these findings, Van Huss concluded that: 
Overload warm-up (throwing an eleven ounce ball) signif­
icantly improves the velocity of throwing. The accuracy 
response following the overload warm-up is altered, yielding 
a significantly different pattern of successive throws.5 
Elias completed a study which was designed to determine whether 
a six week conditioning program, utilizing an overweight baseball 
during practice periods, would improve speed in baseball pitching. 
3s. J. Houtz, "The Influence of Heavy Resistance Exercise on 
Strength," Physiotherapy Review, XXVI {November-December, 1946), 
PP• 299-3�4. 
4w. o. Van Huss, L. A. Abrecht, R. Nelson, and R. Hagerman, 
"Effect of Overload Warm-up on the Velocity and Accuracy of Throwing," 
Research Quarterly, XXXIII (October, 1962), PP• 472-475. 
\ 
Twelve freshman pitchers from the 1964 Michigan State University 
freshman baseball team were randomly pl aced in a control and an ex­
perimental group. The control group threw regulation weight (five 
ounce) baseballs three days a week, twenty minutes per day. 
The work load of the experimental group was increased by 
the use. of progressive resistance during their training program. For 
the first tw6 weeks, these subjects warmed up with a regulation five 
ounce ball for eight rni�utes, then with a seven ounce ball for eight 
minutes. They then returned to the regulation ball for the final 
four minutes in order to regain the feel of the normal ball. 
During the second two weeks, the control group continued with 
the regulation ball for twenty minutes. The experimental group used 
a nine ounce ball for the overload part of their training. 
Finally during the third two-week period, the control group 
maintained the same training while the experimental group employed an 
eleven ounce ball during the overload portion of their training. 
8 
Analysis of covariance indicated that there was no significant 
difference between the improvement in speed of throwing of the two 
groups. There was, however, significant improvement within the groups 
themselves. The control group showed an improvement significantly 
at the . 05 level, while the experimental group improved its speed of 
throwing beyond the . 0 1  level of confidence. 6 
6John Elias, "The Effect of Overload Training on Speed in 
Baseball Pitching'' (unpublished Master's thesis, Springfield College, 
Springfield, Massachusetts, 1964), pp. 41-42. 
9 
�r, in his study, states that one of the major objectives 
of weight training is to provide additional resistance for the purpose 
of more fully dev�loping the muscles of the body. By subjecting the 
muscles to increased weight loads, the individual muscle fibers will 
increase in cross-sectional size and become stronger. When the 
muscles· are called upon to perform additional tasks, they are capable 
of responding to this added work load, enabling the body to perform 
greater feats of strength for longer periods of time without undue 
fatigue. This fact is particularly important when applied to the 
fields of physical education and athletics in which participants 
are frquently called upon to exert themselves beyond the limits of 
the physical requirements of daily living. 
Minor continues by writing that training is not a new concept 
in the conditioning programs of athletes as evidenced by the more 
frequent use of such activities by athletic coaches. The popular 
belief that training with weights results in a muscle-bound state is 
now being subjected to rather close scrutiny. Many coaches are using 
weight training in their pre-season conditioning program, although 
often no actual records have been taken to prove their effect on the 
participants.7 
7Donald Lamont Minor, '' The Effect of Weight Training on the 
Throwing Power of High School Baseball Players" (unpublished Master's 
thesis, The University of Wisconsin, Madison, 1956) , pp. 12-22. 
In a study completed by Chui, it was found that weight 
training increased the amount of potential power in the subjects 
tested. For the �xperimental group (group A) , twenty-three subjects 
performed these weight training exercises: 
Barbell Exercises Dumbbell Exercises 
1. High pull -up 1. Squat jump 
2. Two arm curl 2. Forward raise 
3. Side Bend 3. Pull -over 
4. Two arm press 4. Lateral raise 
5. Repetition snatch 5. Supine lateral raise 
6. Stiff leg dead lift 6. Sit-up 
7. Supine press 
8. Straddle hop 
9. Repetition clean and jerk 
10. Squat 
10 
Each exercise was repeated from eight to twelve times. The 
sit-up exercise was repeated from fifteen to twenty-five times. Each 
individual subject used a weight with which he could correctly perform 
the exercise eight times and continued using this weight until he 
could do twelve repetitions without undue distress. Then the weight 
was increased and the eight to twelve repetition plan was repeated. 
In the exercises with the barbell, one weight (in general, about 
seventy pounds) was used for exercises one, · two and three. A second 
heavier weight (about one hundred pounds) was used for exercises four, 
five, and six. A third heavier weight (approximately one hundred 
twenty-five pounds) was used for exercises seven, eight, nine, and 
ten. For the control group (group B) , twenty-two subjects did no 
weight training exercises, but participated in the required physical 
education program at the State University of Iowa. 8 
Chui found _that before and after the three-month program, all 
subjects in groups A and B were tested in the Sargent jump, eight 
pound shot, twelve pound shot, standing broad jump, and the sixty 
yard dash. The data obtained from this study and the implications 
drawn from the data indicated that the subjects of group A seemed 
to increase th� amount of potential power through systematic weight 
training exercises, whereas, the subjects of group B did not show 
such consistent increases. 9 
Barrow investigated the relationship of the strength develop­
ment of antagonistic muscles to throwing performance. He concluded 
from his study that the progressive resistance exercises did not 
improve strength of throwing as measured in distance. However, his 
subjects did show an increase in antagonistic muscle strength beyond 
the . 01 tevel of significance. IO 
11 
Hooks, in his book, stated that the amount of tension a muscle 
must exert to overcome resistance is the key to muscular development. 
8Edward Chui, "The Effect of Systematic Weight Training on 
Athletic Power," Research Quarterly, XX I (October, 1 950), pp. 1 88-
1 94. 
lORobert A. Barrow, "The Effect of Strength Development of 
Antagonistic Muscles on Throwing Performance" (unpublished Master's 
thesis, The University of California, Los Angeles, 1960), pp. 54-62. 
12 
When a muscle contracts against a resistance that demands exertion, 
it increases in strength. The degree of increase depends on the 
amount of resistance. Increasing the amount of resistance as the 
muscle develops, in order to accommodate it, is known as the "overload 
principle. " Hooks also stated that muscular endurance is the capacity 
of continuing activity under pain of fatigue. A muscle can be over­
loaded for endurance as well as s�rength. Repetition, rather than 
maximum contraction, is involved. 11 
Bostwick studied the effects of weight training upon speed 
and endurance in baseball pitching. Ten pitchers, all members of the 
University of Illinois varsity baseball team, acted as the subjects. 
The subjects were divided randomly into an experimental and a control 
group. They participated in a five-week training program three times 
a week. The weight training consisted of a series of exercises, two 
sets of ten to fifteen repetitions were performed for each exercise 
during each work-out. 
Bostwick's results indicated that four out of five of the 
experimental subjects showed significant improvement in speed of throw­
ing beyond the . 01 level. Three of the control subjects also improved, 
but not significantly. Analysis of covariance indicated that the 
weight training program was not sufficient to produce a significant 
11Gene Hooks, Application of Weight Training to Athletics 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc. , 1962) , p. 12. 
difference between the groups. Endurance was not improved signifi­
cantly by either group, nor by the individuals within the group.12 
1 3  
Hooks studied the effect of a weight training program upon 
baseball performance of thirty college freshman students at Wake 
Forest. The subjects were initially tested for wrist, elbow and 
shoulder strength; the baseball throw for distance; and hitting a 
baseball for distance. The subjects were then given a weight training 
program for a period of six weeks. During this time, they were not 
allowed to participate in any baseball activities. At the completion 
of the training period, they were again tested. Hooks found that the 
greatest gains occurred in the throw for distance with twenty-seven 
of the thirty subjects bettering their previous performance. Gains 
were recorded in the other tests, but were not as significant. Hooks 
did not report the actual gains elicited by the subjects. 13 
An experiment was undertaken by O'Shea to determine the effects 
of a six-week progressive weight training program on the development 
of strength and muscle hypertrophy, using one exercise, the deep-knee 
bend, with varying repetitions. Thirty students were chosen randomly 
from the beginning weight lifting classes at Michigan State University. 
12william D. Bostwick, "The Effect of Weight Training on 
Speed and Endurance in Baseball Pitching" {unpublished Master's 
thesis, The University of Il linois, Urbana, 1961), pp. 13-21. 
13Gene Hooks, "Weight Training in Baseball, " Athletic Journal, 
XL (December, 1959), pp. 42-44. 
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Following a two week conditioning period, the subjects were divided 
into three groups of ten each for the controlled training period. 
14 
The programs were as follows: Group A--three sets of nine to ten 
repetitions; Group B--three sets of five to six repetitions; Group C-­
three sets of two to three repetitions. Individuals in each group 
handled maximum weight loads for the number of repetitions each was 
required to perform. The effectiveness of the program was determined 
by three measurements: (1) thigh girth, (2) dynamic strength, as 
measured by one RM on the deep-knee bend, and (3) static strength, 
as measured on the dynamometer. The results were graphically analyzed 
and percentages calculated. The data were also statistically treated 
using analysis of covariance. No significant differences were found 
in the three systems of training. All training procedures resulted 
in the improvement of static and dynamic strength. 14 
Rasmussen investigated the possibility of increasing the 
throwing· velocity of �n individual by using resistive exercises. 
Two specific training methods, isometric (static) contractions and 
isotonic (progressive) contractions, were employed. Forty-five 
Eastern Illinois physical education students served as subjects in 
the four and one-half week training program. In a test-retest 
14 Patrick O'Shea, "Effects of Selected �'�eight Training Programs 
on the Development of Strength and Muscle Hypertrophy, " Research 
Quarterly, XXXVII (March, 1966) , pp. 95-102. 
15 
situation, each subject was given ten throws at a distance of twenty­
five feet, and the scores were recorded as to the length of the re­
bound. 
Results indicated that the isometric training group had a mean 
increase in length of rebound of .18  meters; the isotonic group had 
a mean increase of . 29 meters; and the control group had a mean 
decrease of .·09 meters. None of the results obtained were statis­
tically significant at �he usual levels. 15 
In Minor's study eighteen adolescent boys, fifteen to seventeen 
years of age and members of the "junior varsity !' squad, were divided 
into three groups of six each. 
Group A went through a resistive exercise program with dumb­
bells. Each day each subject would simulate his normal throwing 
pattern while holding a four pound dumbbell in his hand. Each subject 
completed ten simulated throws during each exercise bout. Three bouts 
of ten trials each, with thirty seconds between each bout, constituted 
the exercise program for each subject. After seven training days 
with the four pound weight, the subject progressed to an eight pound 
weight. The same training procedure was used with the eight pound 
weight and continued for a period of seven days. 
Group B engaged in a program which consisted of throwing a 
two and one-half pound steel ball with maximal effort a specified 
15oonald A. Rasmussen, "The Effect of Resistive Exercises Upon 
the Velocity of a Thrown Baseball" (unpublished Master's thesis, 
Eastern Ill inois University, Charleston, Illinois, 1962) , pp. 8-16. 
number of times each training day. The first seven training days, 
the subjects threw the ball fifteen times per day. The number of 
throws was then increased to twenty times per day for the next seven 
training days. 
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Control group C did no training with any form of weights and 
did nothing more than go through the regular baseball practice 
routines. Both groups A and B also went through their daily baseball 
practice routines in addition to their weight training exercises. 
The groups were tested at the beginning and at the end of the 
training period for both power of the throw and strength of the 
shoulder muscles. The throwing test was a measure of the velocity 
a player could impart to a !egulation baseball tr�veling a distance 
of one hundred feet. The strength of the shoulder adductors and 
medial rotators was measured by means of a cable tensiometer. 
Results of the study indicated that both experi�ental groups 
experienced increases in velocity, with group B achieving the higher 
increase. Only group A showed any appreciable gain in strength. 
Neither B or C showed any appreciable change in strength. When com­
paring performance differences between the experimental groups and 
the control group, the scores of the experimental groups were higher 
but the differences were not significant. These performance differ­
ences favored the weighted ball group which was superior to the 
control group at the .01 level of significance.16 
16oonald Lamont Minor, ''The Effect of Weight Training on the 
Throwing Power of High School Baseball Players" (unpublished Master's 
thesis, The University of Wisconsin, Madison, 1956) ,  pp. 3 1-33. 
17 
Zorbas and Karpovich studied the problem of whether heavy 
weight lifting leads to slower muscle contraction with a tendency 
toward slowing down the speed of muscular movement. Six hundred 
subjects were used in the investigation. Three hundred subjects, who 
had never before indulged in weight lifting, acted as a control group, 
while three hundred, who had participated in weight lifting for at 
least six months, and who were still performing weight lifting, were 
the experimental group. 
A specially constructed apparatus, which recorded the speed 
of rotary movements of the arm, was used to test the speed of muscular 
movement. The device was operated by a clockwise rotation of the arm 
in which the hand described a circle in a frontal.plane. The machine 
automatically registered to within a hundredth of a second the times 
of twenty-four complete rotary movements of the arm. Subjects turned 
the handle in a clockwise direction as fast as possible. The results 
showed that the weight lifters were faster in the speed of rotary arm 
motion than the non-weight lifters. The difference was significant 
at the . 01 level of significance.17 
Endres investigated the effect of a period of overload training 
upon the speed of muscular movement. The exercise employed involved 
elbow flexion and extension at maximal rates of speed at which times 
the subjects held weighted dumbbells. 
17P. V. Karpovich and W. S. Zorbas, "The Effect o f  Weight 
Lifting Upon the Speed of Muscular Contractions, " Research Quarterly, 
XXII (May, 1951), pp. 145-148. 
Three groups of subjects were used, one of which exercised 
with eight-pound weights; a second group exercised with four-pound 
weights; and the third group (control) did no exercise at all. The 
'changes in strength of the elbow flexors and extensors were observed. 
The results of the st�dy showed that this form of weight 
training definitely did not have a detrimental effect upon the speed 
of elbow flexion and extension. On the contrary, the overload 
exercises tended to increase the speed of such movements. Al so, 
marked increases in strength occurred.18 
Grotty, et al., employed nineteen freshman baseball players as 
their subjects. The players were randomly divided into three groups • 
A six-week training program was utilized with the first group given 
a sprint training program, the second a weighted training program, 
and the third, the- control group, was given no specific training. 
The results indicated that the control group improved in speed of 
throwing to a greater extent than did the other two groups, although 
the improvement was not significant. Grotty, et&·, felt, on the 
basis of the data, that no direct relationship existed between leg 
strength and speed of throwing.19 
18John P. Endres, "The Effect of Weight Training Exercises 
Upon the Speed of Muscular Movement,'' (unpublished Master's thesis, 
The University of Wisconsin, Madison, 1 953), pp. 26-32. 
19Gerald A. Grotty, Angelo c. Insalaco, and Weston B. Root, 
"A Study to Determine the Effect of Leg Strength on the Speed of 
Throwing a Baseball," {unpublished Master's thesis, Springfield 
College, �pringfield, Massachusetts, 1955), pp. 18-37. 
1 8  
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Nelson, et a l . , surveyed various measuring devices for de­
termining ba ll  velocity. Their survey included studies by Rowl ands, 
Hubbard, Van Hus s, Mal ina and Levitt.20 
Rowlands used a stop watch to mea sure the speed of the flight 
of  a baseball for a distance of one hundred feet. Although the use 
of a stop watch allowed the neces sary freedom of movement while 
throwing, the use of stop watches for timing purposes reduced the 
precision markedly.2 1 
Hubbard developed an apparatus in which a timer was -triggered 
t o  start and stop by the removal of two plugs. These plugs were 
attached to the baseball with strings s o  that a specified distance • 
was covered by the ball during the time interval between the removal 
of the first and second plugs. This method of timing was apparently 
s atisfactory, but the use of strings on the ball and the restriction 
of the throwing movement of the subj ect reduced the effectivenes s  
o f  this method o f  mea surement. 22 
19 
Van Hus s, et ll• , constructed a similar and pos sibly improved 
device f or measuring the velocity of a baseball. A small wire from 
the timer was attached to the subj ect and extended to  the finger tips 
of the throwing hand. The clock was started as the ball wa s released, 
20Richard C. Nelson, Gerald Lars on, Charles Crawford, and 
Donald Brose, "Development o f  a Ball Velocity Mea suring Device, " 
Research Quart�rly, XXXVII ( March, 1966), pp. 150-155. 
21Ibid. , pp . 150-151. 
22Ibid. , P •  151 . 
, 
,.· 
and upon s triking the target, one o f  two microswitches mounted on 
the target  was triggered to s top the cl ock. The attachment of the 
wire to  the subject  appeared to  be the primary shortcoming o f  this 
method . 23 
Recent inves t igators used a somewhat di fferent approach t o  
this pr oblem of velocity mea surement. The newer concept involved 
build ing a light-sensitive fiel d which responded when the bal l passed 
through it. Two such ins truments, s imil ar in design , have been de­
veloped by Malina and the Franklin Ins t i tute in Philadelphia under 
20 
the direct(on o f  I. M. Levitt. In both ins tances, the f iel d devel oped 
was rather narrow, which restricted the throwing movement o f  the 
I 
subjects. 24. 
23van Hus s ,  et  fil• , .Q.E• cit . , pp. 472-475. 
24Nelson ,  et  al. , .QE• c i t. , pp. 150- 155. 
C1-IAPTER I II 
PROCEDURES FOR OBTAINING DATA 
The instruments used for obtaining the data in this study were 
constructed by Daktronics Incorporated, a newly formed corporation 
which bu�lds research equipment for South Dakota State Uni versity. 
The equipment used for the trainin,g program was acquired from the 
health, physical education, and recreation department at South Dakota 
State University. Volunteer subjects were students of the basic 
instruction physical education classes at the University. All 
students volunteering must have met the limitations of the study. 
From among the sixty-two volunteers, thirty subjects were 
randomly selected and randomly assigned to three experimental groups. 
Each group consisted of ten subjects. The three experimental groups 
were randomly assigned as groups A, B, and C. However, as the study 
progressed, four subjects in Group A, due to serious injuries, were 
forced to drop from the study. As the injuries were incurred late in 
the study, no rearrangement of the groups was made. 
Group A included three leg weight training exercises, along 
with its daily throwing, in its training program ; Group B incorporated 
an explosive type running routine (fifteen, ninety-foot sprints) in 
its training program, in addition to its daily throwing; and Group c, 
the control group, did not participate in any leg weight training 
exercises or in the running routine. However, the control group did 
engage in daily throwing. All subjects were excused from their basic  
22 
instruction physical education classes in order to eliminate possible 
variables which might effect the results of this study. 
The subjects had a two-week training period before the actual 
pre-test session. The training period was utilized in two ways: 
first, to allow the subjects to become accus tomed to throwing a 
regulation baseball the required distance of sixty feet six inches; 
secondly , to reduce the chances of sore throwing arms on the part of 
the subj ects. 
The first week of the preliminary training session consisted 
of a progression of pitches. Before actual count of the pitches 
was started , a brief warm-up was permitted, at which time the subjects 
threw to each other at a close distance until each subject felt that 
he was ready to begin the actual count. · The progression for the first 
four days of the first week was twenty-five, fifty, seventy-five, and 
then one hundred pitches. 
For the second week of the training session, the subjects again 
were permitted to warm up before the actual count of the pitches was 
taken. The progression of pitches for the second four days was 
seventy-five, one hundred, one hundred twenty-five, and one hundred 
twenty-five pitches. Only for the second week were the last twenty­
five pitches for each day thrown with a good effort, i. e. , for near 
maximum velocity. On completion of the second week of training, the 
pre-tests for the velocity of the pitched ball and for leg strength 
were administered. 
MEASUREMENTS 
Leg Strength Test 
Leg strength for all subjects was measured before and after 
the completion of the program in order to determine the significance 
of the training programs. 
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The equipment used in the leg strength test was the Medart­
Chatillion back and leg dynamometer and a goniometer, which measured 
the angle of the legs prior to the strength test. 25 The "belt method" 
was used as an aid in obtaining more objective results. Everts and 
Hathaway26 perfected the belt technique in order to aid both the 
subject and the tester in obtaining objective results. 
The procedure for using the back and leg dynamometer began 
with the subject holding the bar with both hands together in the 
center of the bar , both palms down, so that the bar rested at the 
junction of the thighs and trunk. Care was taken to maintain this 
position after the belt was in place and during the lift.  Before the 
chain was attached, the knee angle of 11 8 to 120 degrees was determined 
through the use of the goniometer. 
25Gary L. Charles, "The Effects of Selected Explosive Weight 
Training Exercises Upon Leg Strength, Free Running Speed and Explosive 
Speed" ( unpublished Master's thesis , South Dakota State University, 
Brookings, South Dak ota, 1966) , p. 12. 
26Edgar W. Everts and Gordon J. Hathaway, "The Use of  the Belt 
to Measure Leg Strength Improves the Administration of Physical Tests," 
Research Quarterly, IX  (October, 1938) , p. 62 . 
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The loop end of the belt was slipped over one end of the 
handle or crossbar; the free end of the belt was looped around the 
other end of the bar and tucked under it so that the belt rested next 
to the body. In this position, the pressure of the belt against the 
body held the bar securely in place. The belt was placed as low as 
possible over the hips and gluteal muscles. 
Maximum lifts occurred when the subject's legs were nearly 
straight at the end of �he lifting effort. Before the subject was 
instructed to lift, the writer made sure that the arms and back were 
straight, the head erect, the chest up, and the knees flexed at the 
required 1 1 8  to 1 20 degree angle. The subject had three trials and 
the mean of the three trials was recorded. (Raw s cores for mean 
pounds pulled for each subj ect appear in Appendix B )  
The Velocity of the Pitched Ball 
Subjects were tested for velocity of the pitched ball before 
and after the six weeks of training by means of a similar apparatus 
as employed by Malina and Rarick.27 
The basic testing c omponents that the investigator employed in 
this study were an adjustable bank of six photoelectric cells with a 
two hundred watt light source, a wooden plank target c overed by heavy 
canvas, a microphone placed behind the target, an ampl ifier, and a 
control system. 
27Robert M. Malina and G. Laurence Rarick, "A  Cev i ce for 
Assessing the R ole of Inf ormation Feedback in Speed and Ac curacy of 
Throwing Performance , "  F;esear ch Quarterly, XXX IX  (March, 1968) , 
pp. 220-223. 
25 
The photoelectric cell s and light source were suspended from 
volleyball standards approximately twelve feet from the marked 
pitcher ' s  mound on the floor. The photoelectric cells were enclosed 
in a wooden box in a vertical column and about one inch apart in order 
to give a span of twelve inches. Lights from above were turned off 
and curtains were drawn in order to eliminate and reduce stray light. 
The photoelectric cells were held onto the volleyball standards by 
means of two large rubber band clamps. The light source was attached 
to the standard by means of a steel clamp. Adjustment of the light 
source and photocells to the height of each subject was made quickly 
and easily. The photocells were sufficiently sensitive so that the 
relays were actuated when the shadow of a rapidly- moving ball darkened 
only one of the cells or parts of adjacent cells. 
A five by six foot wooden plank frame , covered with heavy 
white canvas to reduce splintering of the wood , served as a target. 
Two high jump standards and a rope held the target upright sixty 
feet six inches from the pitcher's mound. Attached to the rope was 
the microphone , which by sound , relayed by an amplifier ,  cut the 
circuit and shut off the timer. A 0.0001  precision electric timer 
was used to measure the elapsed time of ball flight. 
Following the pre-test session ,  the beginning of the actual 
six weeks of treatment began. 
Weight Training Group (Group A) 
The training procedure for Group A consisted of three leg 
weight training exercises. The three leg weight exercises were 
selected for the development of the quadriceps, gastrocnernius, 
soleus , and associated muscle groups. These exercises are described 
in the following paragraphs in the order in which the subjects per­
formed them. 
First, the half squat was performed. In this exercise the 
barbell, weighing 165 pounds, was carefully lowered by spotters to 
rest on the shoulders, behind the head. The subject squatted until 
his thighs were parallel to the floor, kept his heels on the ground, 
and raised with his knees fully straight. The back was kept as 
straight as possible , and was not permitted to become rounded. 28 
The subjects completed three sets of ten repetitions and then were 
allowed to rest f or approximately three minutes. 
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Murray and Karpovich have this to say relative to rest periods 
between lifts : 
The importance of the proper length of rest periods between 
lifts cannot be emphasized too  much. After a rest period of 
only thirty or forty seconds, most lifters fail to lift heavier 
loads. A rest of five to eleven minutes also lowers the ability 
to lift. The best resting time seemed to be from three to five 
minutes.29 
The next exercise performed by the subjects was the heel raise. 
In this exercise, the lifter retained the weight on his shoulders and 
28Philip J. Rasch, Weight Tra i ning (Dubuque, Iowa : Wm. C. 
Brown Company Publishers, 1966), p. 18. 
29Jim Murray and Peter Karpovich, Weight Training in  Athl etics 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc. , 1956) , pp. 50-
72. 
raised the heels as high off the ground as possible. He then re­
turned to the starting position. Three sets of ten repetitions were 
completed. 30 
27 
The third exercise performed was the leg press. In this 
exercise the individual sat in the leg press apparat�s, which is part 
of the u�iversal gymnastic equipment, and pressed two hundred fifty 
pounds. More weight could be han�led with this apparatus than in 
the half squat because �t was not necessary to lift the body in 
addition to the weight. 
Along with the three leg weight exercise�, Group A completed 
their daily throwing which consisted of a total of 125 pitches, at 
the regulation distance, utilizing the full wind-up motion. 
Running Routine Group (Group fil 
Group B was involved with a running program. The running 
consisted of fifteen, ninety-foot sprints. The procedure for these 
sprints was to sprint ninety feet, walk back to the starting point, 
sprint ninety feet again, walk back, until fifteen sprints had been 
completed. Upon completion of the sprints, each subject in Group B 
threw 1 25 pitches, the regulation distance, using the full wind-up 
motion. 
Control Group (Group gJ_ 
Group C, the control group, was not involved in any leg 
weight training or running program. Its training consisted of only 
30Rasch, .£2 • cit. , p. 21.  
the daily practice of throwing 125 pitches the regulation distance 
utilizing the full wind-up motion. 
The Post-Test 
28 
Upon the completion of the six-week training program, the post­
tests in leg strength and the tests which recorded the velocity of the 
thrown ball were conducted in the same manner as in the pre-tests 
described earlier. 
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F IGURE 1 
LIGHT SOURCE AND PHOTOELECTRIC CELL ARRA, GEMENT FOR 
C PUTING BALL VELOCITY. 
29 
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F IGURE 2 
ICROPHONE AND ELECTRIC  TIMER USED FOR COMPUTING B LL VELOCI TY. 
TARGET AND POINT OF I PACT CO PONE TS . 
CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESUL TS 
Scoring of Data 
Mean scores for groups A, B, and C for the velocity of the 
pitched ball were recorded for a pre-test and a post-test, each test 
consisting of nine experimental innings. The mean velocity for each 
experimental inning was cal culated. The tables of the means appear 
in Appendix A for both pre-test and post-test. Raw scores and - their 
means for leg strength for groups A, B, and C appear in Appendix B 
for both pre-test and post-test. 
Analysis of Data 
The statistical analysis of the data for the investigation 
was specifically dealt with in six steps. The first step was to 
determine by ! ratio the within groups change in average ve locity 
of the pitched ball from Test I to Test II. The purpose of conducting 
this analysis was to determine which training method was the most 
effective in increasing a pitcher ' s  average vel ocity of the pitched 
ball over a total of nine experimental innings. F r om this analysis 
of the data, one could determine the effects of the traini ng methods 
on the pitchers' endurance and ability to maintain the average 
velocity of the pitched ball, over a total of nine experimental 
innings. 
Secondly, the analysis of variance method was used to determine 
the dif ferences among the groups i n  the change s from Te s t  I to  Test I I  
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in the average veloc i ty of  the pitched bal l f or n5 ne experimental 
innings. The purpose  of thi s analysis was to dete rmine which group 
training method wa s most e f fect i ve in increasi ng t he average velocity 
of the pi tched bal l over a t otal of nine experimenta l inn i ngs. 
The t hird step was to determ ine with in groups from Test I to 
Test II the change in velocity of the pitched ball from the start of 
a ball game to the end of  the game . The average vel oci ty wa s found 
for the first two ex perimental innings and the last two experimental 
innings and the change was recorded . The purpose of thi s  analysi s  
was to d iscover which tr a i n i ng method had the greatest ef fect on 
the pitchers'  endurance and to determine which training method would 
enable the subj ect to maintain the average velocity of the pitched 
ball in the l atter innings of an exper imental game. 
The fourth step in the analysis of the da ta was to determine 
the d i fference among gr oups or the change in the average vel ocity of 
the pitched ball from the f irst part of the game to the l ast part of 
the game from Test I to Test II. Again, the average vel oc i ty of 
each group was found for the first two experimental innings as well 
as for the l a st  two experimental innings in  each test . The purpose 
of this analysis was to determine any significant dif ference among 
the three groups in the devel opment of  a pi tcher s ' endurance. 
Step five determined the significance of the withi n group 
changes from Te s t  I t o  Te st  II in leg strength. The purpose of the 
fifth analys i s  wa s to d i s c over wh i ch t raining method s  had any e ffe c t  
on the leg s t rength  deve l opment. 
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The final step compared the among group changes from Test I to 
Test II in leg strength. 
The inves�igator employed the statistical procedures suggested 
by Garret to determine the ! ratio. 3 1 A completely randomized 
analysis of variance procedure was fol lowed to compute the F ratios. 32 
The . 05 level of confidence was selected as being the minimum level 
needed for the acceptance of a di[ference as being significant. Due 
to physical injuries, the data for four subjects from the experimental 
group A were not included in the calculations. 
Table I shows the change within groups of average velocity of 
the pitched ball during the nine experimental innings as shown from 
Test I to Test II. 
TABLE I 
THE CHANGE WI THIN GROUPS OF AVERAGE VELOCITY OF THE 
PITCHED BALL FROM TEST I TO TEST II  
Means (Secondsl 
Group Test I Test II 
A . 5891 . 5914 
B .6265 . 6040 
C .6184 .6088 
�Gr oup A; 1.05 (5) = 2. 57 
Diff SEd 
- .0023 . 0036 
+ .0225 . 0085 
+.0096 . 0086 
�roups B , C; 1. 05 (9) = - 2. 26 
t* 
. 64 
2.65 
1. 12 
3 1 Henry E. Garret, Statistics in Psychology and Education 
(New York : David McKay Company, Inc. , 1966), p. 227. 
32Ibid. 
Experimental group A (leg weight exercises) showed a mean 
loss of -.0023 seconds in the average velocity of the pitched ball 
from Test I to Test I I. The 1 ratio of . 64, however, indicated that 
this change was not significant. Experimental group B (running 
routine) showed a significant increase in the average velocity of 
the pitched ball  from Test I to Test I I  as indicated by the ! ratio 
of 2. 65. The experimental group ..C (control group) showed some 
improvement in .the average velocity of the pitched . ball from Test I 
to Test II, however, the 1 ratio was not significant. 
Table I I  shows the difference among the groups in the average 
velocity change for the . nine experimental innings of the pitched ball 
from Test I to Test II. The results indicated that there was no 
significant difference among the three groups. 
TABLE II  
THE DIFFERENCE AMONG GROUPS IN AVERAGE VELOCITY OF  THE PITCHED 
BALL FROM TES T I (NINE EXPERIMENTAL INNINGS) TO 
Source of 
Variance 
Total 
TO TEST II ( NINE EXPERIMENTAL INNINGS) 
df  ss ms F *  
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Between 
25 
2 
23  
.01337643 
.00260745 
.01076898 
.001 30372 
.00046821 
2. 78 
Within 
*F.05 (2/23) = 3. 42 
35 
Table III shows the changes within the group in velocity of the 
pitched ball after computing the averages of the first two exper­
imental innings as compared with the average of the last two exper­
imental innings. The average velocity of the first two experimental 
innings was compared to the average velocity of the �ast two exper­
imental · innings for each test. Group A (leg weight exercises) de­
creased in velocity -. 0076 seconqs, group B (running routine) and group 
C (control group) showed mean increases in velocity, but none were 
significant at the . 05 level of confidence. 
Group 
A 
B 
C 
TABLE III 
WITHIN GROUP CHANGES IN AVERAGE VELOCITY FROM THE F IRST TWO 
EXPERIMENTAL INNINGS TO THE LAST 
TWO EXPERIMENTAL INNINGS 
Means (Seconds) 
Test I Test II 
. 5872 
. 6095 
. 6003 
. 5948 
. 6038 
. 5992 
Diff 
-. 0076 
+. 0057 
+. 0011 
s� 
. 0049 
. 0059 
. 0082 
1* 
1. 55 
. 97 
. 1 3 
*Group A; 1. 05 ( 5) = 2. 57 Groups B, C; 1. o5 (9) = 2.26 
Table IV shows a comparison of the changes among the three 
groups in the average velocity of the pitched ball for the first 
two experimental innings and the last two experimental innings. 
Analysis of variance revealed an F ratio of . 82, which was not 
significant. 
TABLE IV 
CHANGES SHOWN BY THE GROUP I N  AVERAGE VELOCITY OF THE PITCHED 
BALL FROM THE F IRST TWO EXPER IMENTAL INNI NGS TO 
Source of 
Variance 
Total 
Between 
Within 
*F.05 (2/23 ) = 3. 42 
THE LAST TWO EXPERIMENTAL INNI NGS 
df 
25 
2 
23 
ss 
.00995589 
.. 00066 451 
.00929138 
ms 
.00033225 
.00040397 
Table V shows within group changes in leg _ strength from 
Test I to Test I I. Group A {leg weight exercises) showed a mean 
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F* 
. 82 
gain of +1 24 pounds and was significant at the .05 level of confidence. 
Group B (running rou tine) showed a mean increase of +63 pounds, 
however, this was not significant . Group C (control group) showed 
the largest gain of +235 pounds which was significant beyond the 
.01 level of confidence. 
TABLE V 
WITHIN GROUP CHANGES I N  LEG STRENGTH FROM TEST I TO TEST I I  
Group Means (Pounds� Di f f  sod t *  
Test I Test I I  
A 840 964 +124 46.9 2. 64 
B 759 822 + 63  66. 7 • 94 
C 828 1063 +235 60. 0 3. 93 
*Group A; .!.05 
(5) = 2. 57 
*Groups B, C ;  .!. 05 (9) = 2. 26 and - .!. 01 (9) = 3.25 
Table VI  shows that a comparison of the changes in leg 
strength from Test I to Test II was not significant. 
Sourc.e of 
TABLE VI 
CHANGES AMONG GROUP IN  LEG STRENGTH 
FROM TEST I TO TEST II  
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Variance df  s s  ms F*  
Total 
Between 
Within 
*F. 05 ( 2/23 ) 
= 
25 
2 
23 
3. 42 
Discussion of Results 
939, 893 
1 51, 664 
788, 229 
75 , 832 
34 ,270 
2. 21 
Only the running group significantly increased in the average 
velocity of the pitched ball for nine experimental innings from Test 
I .to Test II. However , no significant difference was found among 
the three groups. 
None of the three groups significantly increased in average 
velocity of the thrown ball, from the first two experimental innings 
to the last two experimental innings. 
The weight training group and the control group significantly 
increased in the average amount of pounds pulled from Test I to 
Test II. However, no significant difference was found among the 
three groups. 
/ 
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Grotty, et ,al. , studied the effects of a sprint training program , 
., 
a weight training program, and a control group (no �pecific_ training } 
on vel ocity and leg strength. Results showed that the control group 
: increased speed of throwing, but not significantly. The weight 
training group and the running group showed an increase , but less than 
that made by the control group. Also, it was the author ' s  opinion 
that no direct rela tionship existed between leg strength and speed 
of throwing. 33 
Hypotheses 
The findings of thls study necessitate the acceptance of the 
f ollowing stated hypotheses : 
There was no difference among the three experimental groups in 
the average velocity of the pitches thrown in the first two innings 
of  a total of nine innings. 
There was no difference among the three experimental groups 
in the average velocity of the pitches thro�� in the last two innings 
of a total of nine innings. However, there was a change within groups 
in the average velocity of the pitched ball from Test I to Test II. 
- There was a change �ithin groups in l eg strength from Test I to 
Test I I. 
33Gerald A. Grotty, Angelo C. Insalaco, and Weston B. Root, 
"A Study to Determine the Effect of Leg Strength on the Speed of 
Throwing a Basebal l "  (unpublished Master's thesis, Springfield 
College, Springfiel�, Massachusetts, 1 955), pp. 1 8-37 .  
/ 
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GP.APTER V 
SUMMARY AND CONCLUSIONS 
By employing a running program versus leg weight exercises, 
an analysis of the significance of the two select training methods 
and their effect on the throwing endurance of the pitcher and on 
the velocity of the pitched ball was conducted in an attempt to 
assist in determining future coaching practices. 
The subjects were thirty college freshmen volunteers from 
the men's basic instruction physical education program at South Dakota 
State University . Randomly sel ected from a total ·of sixty-two 
volunteers, the thirty subjects were randomly assigned to three ex­
perimental groups. Each group consisted of ten subjects. 
The three experimental groups were randomly designated as 
groups A, B ,  and C .  Group A included three l eg weight training 
exercises: the half squat, the heel raise, and the leg press, along 
with its daily throwing. These exercises were selected for the 
development of the quadriceps, gastrocnemius, soleus, and associated 
muscle groups. 
Group B incorporated an explosive type running routine 
( fif�een, ninety-foot sprints) in its training program, in addition 
to its daily throwing. 
Group C, the control group, did not participate in leg weight 
training exercises or in the running routine. However, the control 
group did engage _ in daily throwing. 
4 0  
From among the thirty subjects, twenty-six finished the actual 
eight-week training program. Four subjects were unable to continue 
in the study due to serious physical injuries incurred late in the 
study. 
The test measuring the velocity of the pitched ball and the 
test measuring �eg strength were administered prior to and after 
the six-week training program. The data collected and recorded were 
statistically treated to determine the effects of the two types of 
training upon the throwing -endurance of the pitcher and on the velocity 
of the pitched ball. 
The analysis of variance statistical procedure was employed 
to determine if a significant difference existed among the three 
groups investigated. The mean gain or loss difference between the 
initial and final tests within the experimental groups and within the 
control group was treated statistically with the 1 test. 
Findinas 
In the test for mean change within the experimental groups for 
the average nine inning velocity of the pitched ball, the weight 
training group, did not significantly change. The running group 
showed a mean gain of +.0225 seconds, which was significant. The 
control group did not significantly change. The difference among the 
changes of the average velocity of the pitched ball was not signif­
icant over the nine inning span. 
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In the test for mean improvement within the experimental groups 
for the velocity of the pitched ball for the first two experimental 
innings and for the final two experimental innings , neither group 
showed a significant mean gain or loss in velocity. When the F test 
was applied t
r
i compare the three groups, no significant difference 
was found among the groups. 
In the test  for mean change within the three experimental 
groups for leg strength , group A (weight training) showed a mean gain 
of 124 pounds pulled, which was significant at the . 05 level of 
confidence. This indicated that  the leg weight -training exercises 
did significantly increase leg strength. Group B (running) did not 
significantly show change and group C (control) showed a mean gain of 
235 pounds pulled, which was significant at the . 01 level of con­
fidence. When the F test was applied, no significant difference was 
found among the three groups. 
Conclusions 
Within the ·limitations of this study, the findings of this 
study appear to indicate the foll owing conclusions: 
1 .  A running program , similar to that used in this study, will 
enable the subject to increase the velocity of a pitched baseball over 
the nine innings. 
2 .  Al though wei gh t train ing � i l l  i ncrea se  leg strengt h, i t  
wil l  not necessaiily ma ke  any contr i but i on t o  t h e aver age velo c i ty 
of a pitched bal l or the endurance  of a p i t cher . 
3 .  Nei t her train ing pr ogram seemed t o  have any e ffect on 
the vel ocity of the pi tched ba l l  in the lat ter  inn i ngs of an ex­
per i menta l game. 
4. Leg strength did impr ove sig n ificantl y at the . 05 l evel 
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in  the weight trainin g g rou p ,  although this incre ase  of  l eg  strength 
did not have any signif icant results on i ncrea sed velocity of t he 
pitched bal l for the weight tra ining group.  There fcre, i t  appe ars 
that there  is no direct link between leg strength  and on the velocity 
of the pitched bal l .  
Leg strength did improve significantly a �  the . 01 l evel of 
confidence for the control group. From the  resul ts coll ected, it 
appears that daily thr owing did improve leg strength. 
5 . Since leg streng th did not signi ficantly increase among 
the experimental groups, it may be concluded tha t  the three training 
programs did not have any significant effect on leg strength. 
Recommendat ions f or Fur ther Study 
The f o l lowing are the investigator ' s  rec ommendations for 
possib l e  future study: 
1. Tha t a simil ar s t udy be under ta ken involving a longer 
train ing per i od. 
2 .  That a similar study be undertaken invol ving pitchers of 
a varsity baseball team . 
3. That a similar study be undertaken employin g a larger 
vertical photoelectric cell arrangement to all ow for a wider range 
for ball release. 
43 
4. That a similar study be undertaken involving the use of an 
actual pitching mound. 
,, 
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APPENDIX  A 
MEAN SCORES FOR TEST I AND TEST .I I  FOR AVERAGE VELOCITY OF THE PI TCHED BALL ( SECONDS ) 
WEIGHT TRAINING GROUP ( EXPER IMENTAL GROUP A )  
i nn ings 
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 
Test I Test II Test I 
1 .6431 . 6030 
2 . 6013 . 6030 
3 . 6188 . 6236 
4 . 5862 .6042 
5 . 581 9 . 6123 
6 . 6090 . 6085 
7 . 5897 . 6132 
8 . 5845 . 6026 
9 . 5944 . 5948 
MEAN . 6009 . 6072 
SD Test I =  .0145 
SD Tes t I I = .0999 
. 6370 
. 6069 
.5966 
. 5982 
. 6113 
. 6041 
. 6066 
. 6109 
. 61 94 
. 6101 
Test I I  Test I 
. 5700 . 6066 
. 5993 . 5962 
.. 5939 . 5957 
. 5940 .. 5898 
.6207 . 5976 
. 5980 . 5773 
. 6033 .571 2 
. 6027 . 5711 
. 5969 . 57 1 3  
. 5976 .5863 
Test I I  Test I Test I I  Test I Test I I  Test I Test I I  
.5977 . 5856 . 5731 . 6009 . 5909 .. 5916  .5833 
. 5921 . 5832 . 5681 .5799 . 5721 . 5825 .5949 
. 5910 . 5800 .. 5780 .5801 , . 5708 . 5696 .. 5956 
.5975 .5772 . 5857 . 5704 . 5652 . 571 9 . 6016  
. 5870 . 5795 . 5843 . 5497 .5694 .5836 .5998 
.5797 . 5774 . 5916 . 5607 . 5731 . 5745 . 5999 
.6005 .5900 .5839 .5831 . 5887 . 5782 • 61 11 
. 5906 . 5922 . 5890 . 5783 . 5771 . 5666 . 5928 
. 5905 . 5893 . 6028 . 5896 . 5861 . 5743 . 6126 
.591 8 .5838 . 5840 . 5769 . 5770 .5769 .5990 
I nn ing  
1 
2 
3 
4 
5 
6 
7 
8 
9 
,V!!:AN 
SDTe s t I 
SCTe s t I I  
Subj ect 1 
Test I Test II 
. 6284 . 5799 
. 6086 . 5670 
. 5953 . 5701 
. 6027 . 5802 
. 5975 . 5845 
. 5983 . 5832 
. 5973 . 5842 
. 6049 . 5882 
. 6052 . 5840 
. 6042 . 5801 
= .0609 
= .0472 
APPENDIX A 
RUNNING GROUP ( EXPERIMENTAL GROUP B )  
Subject 2 Subject 3 Subject 4 Subject 5 
Test I Test II Test I Test II Test r .  Test I I  Test I Test II 
. 6239 . 5855 . 6939 . 6196 . 7399 . 6606 . 5978 . 6102 
. 6205 . 5993 . 71 73 . 6299 . 71 80 . 6737 . 5948 . 61 85 
. 6043 . 6035 • 7152 . 6240 . 6795 . 6827 . 6068 . 61 50 
. 61 83 . 6051 . 7061 . 6096 . 6758 . 6801 . 6077 . 61 45 
. 6002 . 6098 . 6986 . 61 58 . 6852 . 6835 . 6201 . 6251 
. 5988 . 6023 . 6914 . 6028 . 6941 . 6770 . 6294 . 61 01 
. 6190 . 6277 . 6979 . 61 30 . 7005 . 6627 . 6195 . 6288 
. 6096 . 6060 . 6906 . 6093 . 6964 . 6922 . 6332 . 6076 
. 5973 . 6098 . 6859 . 61 36 . 6808 . 701 5 . 6337 . 6 1 90 
. 6 102 . 6054 . 6996 . 6 1 52 . 6966 . 6793 . 61 58 . 61 65 
I nning 
1 
2 
3 
4 
5 
6 
7 
8 
9 
MEAN 
-
SDTes t I 
.SDTes t II 
Subj ect 6 
Test I te st  I I  
. 6390 . 6216 
. 6094 . 6012 
. 6194 . 5973 
. 6146 . 5946 
. 6034 . 6046 
. 6128 . 6056 
. 6 101  . 6048 
. 6222 . 6016 
. 6 183 . 6029 
. 6 165 . 6038 
= .0609 
= .0472 
APPENDIX A 
RUNNING GROUP (EXPERIMENTAL GROUP B )  ( cont ' d )  
Subject 7 Subject 8 Subject 9 Subj ect 10 
Tes t I Test I I  Tes t  I Tes t II Tes t I Test I I  Tes t I Tes t II 
.7 148 . 6791 . 5701 . 5705 . 6015 . 5886 . 5431 . 5357 
.7245 . 6858 . 5551 . 5429 . 5821  . 5876 . 5348 . 5291 
.7409 . 6840 . 5581 . 5457 . 5805 . 5797 . 5269 . 5270 
.7381 . 6932 . 5512 . 5417 . 5890 . 5726 . 5352 . 5305 
.7435 . 6786 . 5589 . 5409 . 5688 . 5827 . 5338 . 53 14 
.7504 . 6753 . 5757 . 56 10 . 5846 . 5795 . 5386 . 5405 
. 7473 . 6917 . 5583 . 5352 . 5898 . 5864 . 5422 . 5293 
. 7358 . 6688 . 5698 . 5235 . 5859 . 5721 . 5418  . 5360 
.7246 . 6658 . 5784 . 5506 . 5828 . 5945 . 5479 . 5293 
. 7355 . 6802 . 5639 . 5457 . 5850 . 5826 . 5382 . 5320 
I nning 
1 
2 
3 
4 
5 
6 
7 
8 
9 
MEAN 
SDTe s t  I 
SDTe s t I I  
APPENDIX A 
CONTROL GROUP ( EXPERIMENTAL GROUP C )  
Subj e ct 1 Subj ect  2 Subj e ct 3 Subj e c t  4 Subje c t  5 
Te st  I Tes t  I I  Test  I Test  I I  Test  I Tes t  I I  Tes t  I Tes t  I I  Tes t  I Te s t  I I  
.6179 .6110 .5324 . 5120 . 6909 .6544 . 7313 e 6492 . 6252 .5581 
.5792 .. 6110 • 5,278 .. 4993 .. 6639 ., 6335 .. 6424 0 6597 ., 6047 . 5440 
. 5822 . 6110 .. 5275 .. 5066 . 6441 ., 6577 ., 6452 .. 6552 .. 5730 .5456 
.5972 .6124 ., 5229 0 5048 . 6794 .. 6597 .. 6302 .6575 . 5749 ., 5493 
.6034 . 5963 . 5363 .5038 .6860 .677 1 .6526 . 6591 .6054 .5422 
.5914 .5882 .5375 .5154 .6761 . 6444 .6596 .6628 . 5959 .5628 
.6050 .6041 . 5346 . 5027 .6747 .6703 .6738 .6572 .6181 .5602 
.5965 .5923 .5390 .5071 .6753 . 7048 . 6825 . 6692 .5964 .5609 
.6013 .5733 .5420 .5076 .6761 . 7000 . 6894 .6521 .6105 .5605 
.597 1 .5999 .5333 .5065 . 6740 .6668 .6674 . • 6580 .6004 . 5537 
= .0670 
= .6065 ..._. 
I nning 
1 
2 
3 
5 
6 
7 
8 
9 
.'·�EAN 
SDTe s t I 
SDTe s t I I  
APPENDIX A 
CONTROL GROUP ( EXPERIMENTAL GROUP C )  ( cont ' d ) 
Subj ect  6 Subj ect  7 Subj e c t  8 Subj e c t  9 Subj e ct  1 0  
Te st  I Te st  I I  Tes t  I Te s t  I I  Te s t  I Tes t  I I  Te s t  r Te s t  I I  Tes t  I Te s t  I I  
. 5555 . 5510 . 5547 .5735 . 5357 .5590 . 8272 . 6704 . 6770 • 7149 
.5652 . 5337 .5556 .5630 . 5314 . 5298 0 6891 . 6636 . 6785 . 7156 
.5656 . 5358 . 5480 .5760 .5483 .5279 .7056 . 6484 . 6915 • 7441 
.5746 .5332 .5504 .5796 .5593 . 5410 . 6861 . 6466 .7068 . 6886 
. 5626 . 5601 . 5584 .5740 .5556 .5326 . 6662 . 6895 .7280 . 6897 
.5533 . 5381 .5533 .5826 .5574 .5421 . 7174 . 6727 . 7306 . 6945 
.5524 .5538 . 5623 .5846 .5652 .5686 . 6939 . 6498 .7360 • 7307 
.561 8 .5610 .. 5692 .5759 . 6020 .5471 .7283 . 6484 .. 7606 . 7090 
.5527 .5455 .5562 . 5150 .5464 .5231 .7445 . 6223 . 7528 . 7093 
.5604 .5458 . 5564 . 5693 . 5557 .541 2  .7175 · . 6568 • 7179 . 71 07 
= .0670 
= . 6065 f\) 
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. . . .. 
Subje ct 
APPENDIX B 
RAW SCORES AND MEANS FOR TEST I AND TEST I I  FOR LEG STRENGTH ( POUNDS ) 
WEIGHT TRAINING GROUP ( EXPERIMENTAL GROUP A )  
Te st  I ( Pound s ) Te st  I I  (Pounds ) 
Tr ial  I Tr i al I I  Tr i a l  I I  I Mean Tr ia l  I Tr ial  I I  Tr ial  I I I  Mean 
1 750 780 840 790 68.0 750 780 736 
2 800 920 890 870 1 060 970 1 070 1 033 
3 980 970 1 420 1 123 1 060 1 1 80 1 390 12 10 
4 570 560 650 593 820 790 870 826 
5 790 830 91 0 843 860 . 930 950 913  
6 850 810 810 823 1 1 50 950 1 100 1 066 
Mean = 840 SD = 1 57 Mean = 964 SD = 1 57 
. , .  
(J1 
.b 
Subj ect  
Tes t  I 
1 1 1 20 
2 870 
3 810 
4 1 1 1 0 
5 500 
6 450 
7 300 
8 530 
9 570 
1 0 61 0 
Me an = 759 
APPENDIX B 
RUNNING GROUP ( EXPERIMENTAL GROUP B )  
Pre-Test  (Pound s ) Pos t-Te s t  (Pound s ) 
Te st  I I  Te s t  I I I  Mean Test  I Te s t  I I  Test  I I I  Me an 
1 050 1 1 60 1 1 1 0 1 1 00 1 1 60 1 090 1 1 16 
760 1 080 903 540 490 500 5 10 
730 700 746 820 840 1 030 896 
1 070 1310 1 1 63 1 1 40 1 070 1 1 70 1 1 26 
460 530 496 530 650 680 620 
630 680 586 420 580 490 496 
390 520 403 480 680 720 626 
670 750 650 970 970 1 1 00 1 0 13 
8 10  870 750 730 850 830 803 
740 990 780 860 1 050 1 130 1 013 
SD = 236 Mean = 822 SD = 236 
u, 
u, 
Subj ect 
Te st  I 
1 940 
2 980 
3 870 
890 
5 320 
6 81 0  
7 600 
8 900 
9 720 
10 420 
f!ie an = 828 
APPENDIX B 
CONTROL GROUP (EXPERIMENTAL GROUP C)  
Pre-Te st (Pounds )  Post-Te s.t (Pound s )  
Te st I I  Tes t  I I I  Mean Test I Te st I I  Te s t  I I I · 
860 720 840 1060 910 1020 
1 220 1 290 1 1 63 1 2 10 - 1 330 1 540 
1 180 1 330 1 1 26 980 1030 1 270 
970 980 946 830 1030 950 
530 5 10 453 890 11 60 980 
770 730 770 1080 990 940 
580 720 633 1080 1010 910 
1 1 30 1 410 1 1 46 1040 1 390 1 6 10 
670 830 740 930 910 1000 
460 500 460 910 930 990 
SD = 256 Mean = 1 063 
Mean 
996 
1 360 
1093 
936 
101 0  
1003 
1 000 
1 346 
946 
943 
SD = 1 53 
U1 
O'-
